UNCLASSIFIED 


AD  NUMBER 


AD291734 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  13  Sep 
1962.  Other  requests  shall  be  referred  to 
Army  Medical  Research  and  Development 
Command,  Fort  Detrick,  MD. 


AUTHORITY 


USAMRL  Itr,  26  Feb  1970 


THIS  PAGE  IS  UNCLASSIEIED 


NCLASSIFIED 


TfflS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


rH 

Oi 

tM 


US  ARMY  MEDICAL  RESEARCH  LABORATORY 

FORT  KNOX,  KENTUCKY 

REPORT  NO.  551 


EFFECT  OF  SALMONELLA  TYPHOSA  ENDOTQXIN  ON 
RENAL  FUNCTION,  AND  THE  RELATIONSHIP  OF 
FUNCTION  TO  RENAL  HEMODYNAMICS 


Capt  J.  Y.  Gillenwat«r,  MC 
E.  S.  Dooley,  Ph.  D. 

Capt  E.  D.  Frohllch,  MC 


ASTI  A 


Report  Submitted  9  August  1962 


Authors 


Capt  Jay  Y.  Oillenwater,  MC 

Biophysics  Division 

(M.  D. ) 

Elmo  S.  Dooley,  Ph.  D. 

Biophysics  Division 

Capt  Edward  O.  Frohlich,  MC 

Biophysics  Division 

(M.O.) 

Technical  Assistants 

Sp  6  Johnny  D.  Wills 

Biophysics  Division 

Pfc  Robert  Haber 

Biophysics  Division 

Pfe  Oeorge  Angeloff 

Biophysics  Division 

Pfc  Frank  Rpzecki 

Biophysics  Division 

Qualified  requestors  may  obtain  copies  of  this  report  from  ASTIA. 


Foreign  announcement  and  dissemination  of  this  report  by  ASTIA 
is  limited. 


Jtcce>«ion  Mo 


ci  .  0  g.3 

‘H  >,  I  M  «  4.'  M 

<M'o  ■OQDtaBi'pciioa 

aa  4>4J.jq  o^iso^ 

KH  sS  ”-.0 

►H^^uoSo  ao15*^  »*Jwia»D 

w  -H-H.!iSgS  1  S(3-§  g'?^.5^^3 

Oi  ooaoBQ.  0  *Jw«'Q4->o>u 

wc  o  Q  O’TJ'H  ►  o  o  •  O’*-  0  a 
wi  ©oflqo-w  '5!-0aOfl'fi3'P95‘ 
(JOCffi  wC/3  0000  'HO  CoS 

=  ..  ..  ao+j  a-t-Hog** 

^"g-sgn-"  g.SSi^ 

_ I  Kioa  -H  ^4ja.^.M 

o  ^--»«ago*Ha 

■mW  l-tUOfl-H^S'Hg 
UJi^  B  01  O  0  O 

*•0  0*0  V«  l-« 

.  u  *oao-H4->  MOlOa 

>.,  c^O'HvoaaucrauO'H 

eo)  cuoau.HOoiflooOM 

^  lOao  ■'WUm-4Ub«^o 

o  .  «  S-H-l  S  «'--0  *- 

zo(E  p-Q  ooon  Qjq^^o'o 

wQ  a 

HH  qao-H  000 

dwi! 

2  pH  !>>  a  'HO  a«ja  p  o  <h  o  o  o 

5*. *4  ^  0  44 

EuUBi  lOOug'p^'BB^  u  » ** 
-^aHoooo*HB»OBsg 

b  •  **3;3gl::  gs  SI'S  SI  “i 

Swao^'TjpSo'SoH**- 
op'oaa  d'^aoo 


>.  Z  OflC 
MZOQ 

O  • 

M  kCw-H 

0  M  Z  pH 


a  k-  a  4^'n^  0*1 1) 

.0  Via  op'oaa  S'^avo 
-  cLo  •h.hophaio*' 

M  0  a  O  ftiPH  O  0  A  >sm  >,  * 

Z  B  a  OS  0,0  VO  B<a<Moa  ow.o 

t/i  a  0  ®  ^  a  'O  ^  -H  Q  ‘H  pfl  g  ‘*4 

5i!^u;s-“5g-3«iia-sl§.9s 
•“2--8.SSJSu.-g.3  g.? 

3*^pnS^«’<®>aaqpH4-Hoo  *-  u 
u^gtoiO-HOH  UP*-  auo.g 

•^0  X  a  >,>H  3  a  a  .4  2  jb  a 

w  •  B  aco  pa  ji  00  a  **  a 

S>4  -o  •Hflo  44iM^a  a 

•MD^'oa  0  cL'H  o  ** 

y  1-^.2  ‘on££*3oJiao»  8  *8  *3  5  o 

P7:2-5'^--§-tSii8-3rS8r“ 


!3eJ.1  ?'-*8Sg!23S&3  8.“|| 

I  j  !n‘o<M  gg  a'qc'3  '9'3 

rH*l““*'i:ssl  -^y  'll 

’yi8“iy*“!‘'^iiii*si 


0  0  **•  *4 

z  t  3  0  < 

,  -H  O  'H  I 

'  «<  a  <M  V  h  1 

h  0  g  e  • 
g^H  a  ^  a  I 


0  a  •  w  'H  a 

filalsil 


w  V  * 
a  o  a 


a  8  &o  1  8  a-g  8  8  a 

Kao  •H-HoS-^Tj^ygg^v’^fr 

LutJuSBM  ■«  ®“  •gO’H'^aMag 
K  '^=5oo  o  >«gs4^,g^i®| 

MODaoaoo  oJ* 

■c  aBD*opH^  ao  -  UH^Q  a'O 
cJooaqDM'o^aaoe'gsodgt 

UMS  Ul/3  OOOp  •HO  4400 

g^^.HUOBOMO'Hn? 

«•  ..  o.o<M  2.HpHea*4 

PHoa  auBQpH.PkfHUo 

PHW  ^  gwo®  OBO^ 

,  U  O  a  -H  -H  *4  .H 

—  -  —.  ■  ■  1. 1  0  ^4Joae8^fl 

♦'►i  ►-•Moa-tvHa 
b  >A*^  BOO  O 

44  D  0  •  U  »4  OpH 

pj  •  'gqO'Hi^  44bioa 

<  CHOpHOOPBUCTkaOU"^ 

ZO  O  B  O  0  a  O  B  O  M 

□  Cph  t  oao  B*4w-^o  o 

.S  o  •  ffio^pHDaMp*o  a  <m 
ifc.  etc  a  k-pHphpH  ►,  o-H  0  44  w  0 

fi*g<§“  ^■8«>£'’5“ui'ag'’-S 


*  o  *  0  « 

hJq  0  B  S 

b^.a  5 


.  agii 

0  •  S  o  « 

*  5*55“ 

p  Dm 
0  •  hi  •  a 

•*4  M  Z  U  t/>  M 

a  o  M*  M 
a  BMP  'M 
0  MObUZ 


'H  M  0  e  0 

•H  M  o  M  >< 

a  ‘HO  o*jQ 
n  T)  *4  a 

I  B  0  0  8  *0  *0 

I .H 13  3-2  i  i  g 


•H  >4-0  0 

p  3  taN  VO 

&  a  u  44 
*8  K  8  a  44 

bS  §"3  a*  8 
g  8  J  0  M 

^  g’8  a  M M 


s°2^i!  a  VM-o-a  O'®  a  mm 

5og£*4S‘«  .8.§^.9.9  0-33  82® 

.M  oao  P.PH  go  4  M*  a*  • 

Bts  B  a  s  0.0  o5  h.a7oa*P8MO 
Swob  ^o^aa-oMM  Sm  u  b-h 
Ss  V  •S'‘^0B'^  B’nJS'HBBK 


3d  •H.au.^^  ►BOBMBM.ag'HS 

Jmmu  BV  gOBB  B0U44 

333£|25.g8.9'’t;-3£".gSs| 
Ji  •Wfig'3'r2®Sg^,8f!l 

iMi->‘9'on;SMM  oj  p  aotS.^'SJSo 

55g£5S'?w,"ga^Bgji^.g-|® 
,  .g  .  .  .i!C*Slg'8B'^'SaBD.8 

5gi®“£  .  g''t3sB"®JS'o>  Is  I 

^wC.,  •hV'hCm.  a»*4.ga 

iiilHIIlliillllll 


a 

0  I 
•H  B« 

4^*0 

QUO  B 
g  ■  OM 

M  a  V  ‘H  H 
U*  U4tB  a  M  B 

M  u  e  a 

M  pH  M  >«<  e 

M  B  B  a  0  ■ 


is* 

•  S  o  • 

SsCw'5 


i1  .8  ".9 

“8C.iS3||ts 

ig.-ssSlJigg 


oao  pho 

B*B  o  B  0  a  g  o.a  g  o*b 
*404414,*  44  <H,a«o  a 

M'HM  qaoa  Muo 

•HM  0  0>H  0  5*9 •a'** *9 

■v's-l  s-a5il3‘’8s 

I  S’loi'B'pSBig^Sat; 


4  ’*<<*^g0hMiQ|.H«pav 
bUa  «  •.M"HaM4ig9a,eB_ag  m 

5  a  M  Mt  u  9ha«M**Q  g’VawM 
g  o  v‘«  ti‘«ggso’fi8q* 

SJS^u:”go®®88|J®-gi|S 

|,IHpH  U  .I44*4p.*5.H-H4S|m  •HO.O 

:a3£-22S.gg.rt3gs®-gs*| 

3  C  8 on  B>aa 

B  .'S=«4l«o|8§-o.gJ1|S 

OpH  0  g  g  0  a  ojw  a 

3P  ^ph  m'Opp.  oohfHa  V 

3a'-§  &-:g8g!23S"S8|‘’8| 

:  .5  _  .^“s.sg'Sfl-'aflaB.g 

3giou£  .  g-s.^  I'D-  .SS8 


M  C  4  'H  V  'H  a  M  • 

CS.!  u*'a*'44MSov>. 

yi“«Sii8.SS8.'®.gg: 

soil  s-srig  8^83 

&X0SK44i-(fi  0  u 


VM  0  M  0*0 

a  ,0  a  o  M  n 

-o  0  -3  44  0  a 

.p(  a  'H  «H  gp  o 

JM  O  A(  9H.Q 


'88S8 


pH*1>H  *4  0  0 

B  B  9  0  i  3. 
a  a  6  -B  H  H 

55  ".St!!*’ I 


o*S  8 

illlig|jSl.g 

i!iS?nl.3i:| 

T*.  "  "O—  O'" 


^  ►  ’*8.'sl&gSgag8s3 
gj«  I’ir2'32''*il8*| 

8-3  8^-8  8| 

JMpH  U  4|*4*4pp.0iHaMM  <h“i 
*(H>h  •'0oio)b  fl  a*H*4.q  0  0  a*^ 

«Ga  O44a<0M>Ho>H  ub*4  •huo.i 

j  '*s  B  .  ^  ■  ►4"^  B  a  a  a  .4 

DBiJ  •  B  MW  N«l  H4M  VUB40*4 

F*-'^--'*3giS'5!S®'§"Si:S 

Ihi-Ih'S”*^"*''  ftiPO^  0-S 

BEn  M)‘H  0^  0  *4^080  Bpm  S  4.1 

JC  *4ph  OO0*HB  V 


M.a(H  ee  goBB  a  o  h  *4 

pHU  4|*4*4pp.0.HaMM  <hDiO 

•HO'0oio>Baa<H*4.;3ooa4.i  u 

t;344a<0M>Ho>H  ub*4  •Huo.a 

>s  B  >  ^  MB  ><'H  Baa  a  .4  o. 


»«*«’'  0  6  c 

9  OiPB'^  B.^  0 
P  Bph  0  *453580  B*m  a  4j  a 

R  Mph  w-nP".  000  >HB  V 

1.00  •uagii)<Haha5vMB*0 

Sgu,S'«o-«^gg  D,g«  .9-8^ 

zSqUj^I^  yj  P  'H  B  8 

mK  .  444a4Ji.lk.a00  ►I'H  ^  B  ^ 

d8“sg4  2.ss  l.'®.g|3|j;n 


<mUQ  oOMO'Hao. 

9gig|l|J1Si8Hi2lll^ 


REPORT  NO.  551 


EFFECT  OF  SALMONELLA  TYPHOSA  ENDOTOXIN  ON 
RENAL  FUNCTION,  AND  THE  RELATIONSHIP  OF 
FUNCTION  TO  RENAL  HEMODYNAMICS 


Capt  J.  Y.  Gillenwater,  MC 
E.  S.  Dooley,  Ph.  D. 

Capt  E.  D.  Frohlich,  MC 


Biophysica  Diviaion 

US  ARMY  MEDICAL  RESEARCH  LABORATORY 
Fort  Knox,  Kentucky 


13  September  19^2 


^  W  iwt  i  Ca* 


«»aa«A  AAioAiiiciti  i^uz’ns 

Taak  03 


Surgery 

USAMRL  Project  No.  6X59-01-001 


Report  No.  551 

USAMRL  Project  No.  6X59-01-001-03 

ABSTRACT 

EFFECT  OF  SALMONELLA  TYPHOSA  ENDOTOXIN  ON 
RENAL  FUNCTION,  AND  THE  RELATIONSHIP  OF 
FUNCTION  TO  RENAL  HEMODYNAMICS 

OBJECT 

This  study  was  designed  to  determine  whether  the  decTeaee  in 
renal  function  seen  after  endotoxin  administration  is  hemodynamic  or 
due  to  nephrotoxicity  of  endotoxin. 

RESULTS 

The  injection  of  endotoxin  locally  or  systemically  caused  intense 
renal  vasoconstriction  and  decrease  in  all  renal  functions.  Locally  in¬ 
fused  phentolamine  blocked  the  vasoconstriction  and  the  renal  function 
remained  normal  after  endotoxin  injection. 

CONCLUSIONS 

These  studies  demonstrate  that  after  injection  of  endotoxin  there 
is  intense  renal  vasoconstriction  which  is  apparently  due  to  systemic 
release  of  catecholamine.  The  alterations  In  renal  function  are  due 
to  changes  in  renal  hemodynamics  and  not  nephrotoxicity, 

RECOMMENDATIONS 

Since  the  preparation  utilized  was  found  to  be  stabile  and  the 
vascular  responses  predictable,  this  may  provide  a  reliable  bio-assay 
for  microwave- irradiated  endotoxin. 
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EFFECT  OF  SALMONELLA  TYPHOSA  ENDOTOXIN  ON 
RENAL  FUNCTION,  AND  THE  RELATIONSHIP  OF 
FUNCTION  TO  RENAL  HEMODYNAMICS 

I.  INTRODUCTION 

Impaired  renal  function  due  to  endotoxin  has  been  reported  in  hu¬ 
mans  (1,  2)  and  experimental  animals  (3,  4).  The  altered  renal  function 
has  been  attributed  to  intense  renal  vasoconstriction  and  a  fall  in  renal 
perfusion  pressure.  The  vasoconstriction  has  been  postulated  to  be 
due  to  both  a  direct  local  action  of  endotoxin  on  the  renal  vascular  bed 
and  to  secondary  systemic  release  of  vasoconstrictor  agents  during 
the  systemic  hypotension  (3).  In  an  attempt  to  separate  the  hemo¬ 
dynamic  from  a  possible  nephrotoxic  action  of  endotoxin,  the  local  ef¬ 
fects  of  Salmonella  typhosa  endotoxin  were  observed  simultaneously  in 
the  dog  kidney  perfused  at  a  constant  blood  flow  and  in  the  contralateral 
undisturbed  kidney  perfused  naturally.  The  results  of  these  studies  are 
the  subject  of  this  report. 

II.  METHOD 

Perfusion  Procedures.  Dogs,  weighing  10  to  15  kg,  were  an¬ 
esthetized  with  intravenous  sodium  pentobarbital  (33  mg/kg),  Heparin 
sodium  (6  gm/kg)  was  administered  intravenously.  The  kidney  was 
perfused  by  the  technique  of  Hardin  et  al  (5),  In  brief,  the  abdominal 
aorta  was  exposed  retroperitoneally  through  a  left  flank  incision  and 
the  lumbar  vessels  tied.  Blood  was  then  withdrawn  from  a  carotid 
artery  by  a  precalibrated,  pressure-independent  Sigmamotor  pump 
(Model  T-6)  and  perfused  into  the  abdominal  aorta  in  a  cephalad  direc¬ 
tion  through  a  right  angle  glass  cannula  tied  in  position  3  cm  below  the 
left  renal  artery.  Taking  care  not  to  disturb  the  left  kidney,  the  aorta 
was  occluded  with  a  Potts  clamp  placed  between  the  left  and  right  renal 
arte.'les,  This  diverted  the  entire  output  of  the  pump  through  the  left 
kidney,  Renal  blood  flow  was  adjusted  to  an  average  value  of  150 
ml/min  (range  95  to  220  ml/min)  which  produced  a  mean  arterial  per¬ 
fusion  pressure  of  approximately  100  mm  Hg.  This  provided  a  blood 
flow  of  approximately  3.  0  ml/gm  of  kidney  tissue. 

Renal  arterial,  renal  venous,  and  systemic  arterial  pressures 
were  measured  by  a  needle  inserted  in  the  perfusion  tubing  just  proxi¬ 
mal  to  the  glass  cannula,  by  directly  needling  the  renal  vein,  and  by 
needling  the  proximal  unrtn.  reapectively.  Pressures  were  recordeu 
on  a  direct  writing  oscillograph  recorder  connected  to  Statham  pres¬ 
sure  transducers.  Renal  vascular  resistances  were  calculated  by 
dividing  the  pressure  gradient  from  renal  artery  to  renal  vein  by  the 
blood  flow  and  expressed  as  mm  Hg/ml/min. 
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Endotoxin.  Lethal  doeea  (0.  6  mg/kg)  of  Salmonella  typhoaa 
0901  endotoxin  (Bacto  lipopolyeaccharide,  Diico  Laboratories)  arere 
injected  in  one  bolus  directly  into  either  the  perfusion  system  Just 
proximal  to  the  renal  artery  (IS  dogs)  or  systemically  into  the  in¬ 
ferior  vena  cava  (8  dogs).  Renal  vascular  and  systemic  pressures 
were  recorded  for  at  least  10  minutes  previous  to  and  for  30  minutes 
following  injection  of  endotoxin.  Five  additional  animals  were  ob¬ 
served  over  a  30  minute  period  to  obtain  technique  control  values. 

Contribution  of  Catecholamines.  The  contribution  of  catechola¬ 
mines  was  delineated  by  the  continuous  infusion  of  phentolaznine 
methanes olfonate  (5-10  )xgm/min)  directly  into  the  renal  perfusion 
circuit.  This  amount  of  phentolamine  has  been  shown  by  others  (6,  7) 
to  be  of  sufficient  concentration  to  block  the  local  catecholamine  effect 
without  depressing  systemic  arterial  pressure.  After  the  phentolamine 
had  been  infused  and  renal  and  systemic  vascular  pressures  remained 
stable,  endotoxin  was  injected  directly  into  the  renal  artery.  Pres¬ 
sures  were  recorded  over  the  following  30  minutes. 

The  tissue  catecholamine  levels  were  diminished  in  another 
group  of  dogs  by  pretreatment  for  three  days  with  reserpine  (B)  (0, 13 
mg/kg  intraperitoneally  daily).  On  the  fourth  day  endotoxin  was  ad¬ 
ministered  locally  into  the  renal  artery  and  pressures  recorded  as 
described  above. 

Renal  Function.  Differential  renal  function  was  measured  by 
comparing  several  renal  functions  of  the  undisturbed  right  kidney 
with  the  phentolaminlzed,  perfused,  left  kidney.  Urine  was  collected 
separately  from  each  kidney  by  Inserting  polyethylene  tubing  retro¬ 
grade  into  both  ureters  through  a  suprapubic  incision,  Three  10 
minute  control  samples  were  obtained  prior  to  the  systemic  adminis¬ 
tration  (inferior  vena  cava)  of  endotoxin.  Glomerular  filtration  rate 
(creatinine  clearance),  maximal  tubular  resorption  of  p-aminohippuric 
acid  (TmPAH),  sodium  excretion  (Uj^i^V),  potassium  excretion  (Uj^V), 
osmolal  clearance  (Cq5]^),  and  free  water  clearance  (CH2O)  were  ob¬ 
tained  from  each  kidney  for  six  10  minute  collection  periods  following 
systemic  injection  of  endotoxin.  Blood  levels  of  creatinine  (16-20 
mg%)  and  of  PAH  (45-50  mg%)  were  maintained  in  all  experiments  and 
adequate  urine  flow  (greater  than  2  ml/min)  was  insured  by  mannitol 
diuresis.  PAH  was  determined  by  the  method  of  Smith  ^  al  (9).  and 
creatinine  by  the  method  of  Bonsnes  and  Taussky  (10).  Na  and  K  were 
determined  on  a  Coleman  flame  photometer.  Osmolalities  were  de¬ 
termined  on  a  Fiske  osmometer.  Osmolal  clearance  (^ngXii)  equals 
urine  osmolality  (Uqsi^)  times  the  urine  volume  (V)  (ml/min)  divided 
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by  plasma  osmolality  (PqSM)*  “  ^OSM  "  V  and  represents 

the  quantity  of  water  that  must  be  adided  to  a  minute  volume  of  urine 
to  dilute  it  to  the  concentration  of  plasma. 

The  division  of  animals  in  the  different  experiments  is  outlined 
in  Table  I.  To  eliminate  the  possible  effects  of  pentobarbital  anes¬ 
thesia,  morphine  sulfate  (15  mg)  and  chloralose  (75  mg/kg)  anesthesia 
were  administered  in  one  half  of  the  animals  in  the  renal  function 
group. 


The  responses  of  local  and  systemic  administration  were  com¬ 
pared  by  testing  them  statistically  according  to  the  student  "t"  test 
(11). 

III.  RESULTS 


Initial  Transient  Vasoconstriction.  As  shown  by  the  recording 
of  a  representative  experiment  in  Figure  1,  subsequent  to  injection  of 
endotoxin  into  the  perfused  left  renal  artery,  there  was  an  immediate 
(18  sec)  transient  vasoconstriction  followed  by  a  secondary  prolonged 
renal  vasoconstriction  (5  to  10  min).  Both  local  and  systemic  injection 
of  endotoxin  caused  this  immediate  transient  vasoconstriction  (Fig.  2) 
which  persisted  for  30-40  seconds.  This  increase  in  renal  vascular 
resistance  peaked  at  18  seconds  (average)  after  local  injection  and  28 
seconds  after  systemic  injection.  Control  injections  of  isotonic  saline 
and  pyrogen-free  distilled  water  were  without  effect.  The  reserpiniaed 
animals  and  the  dogs  receiving  the  local  infusion  of  phentolamine  re¬ 
sponded  with  similar  transient  Increases  in  vascular  resistances 
(Fig.  2). 

Renal  Artery  Administration.  There  was  a  marked  secondary 
prolonged  renal  vasoconstriction  in  all  the  dogs  (Fig.  3)  after  the 
local  administration  of  endotoxin  into  the  renal  artery.  Although 
there  was  some  variation  in  the  Intensity  of  the  response,  the  maxi¬ 
mum  renal  vasoconstriction  was  found  between  5  and  10  minutes  after 
the  endotoxin  injection  and  seemed  to  coincide  with  the  drop  in  sys¬ 
temic  pressure  (Fig.  1).  At  5  minutes  the  average  renal  arterial 
pressure  had  doubled  and  was  maintained  at  this  level  for  another 
5  minutes  (Fig.  4A).  At  30  minutes  the  pressure  had  returned  half¬ 
way  to  pre-injection  levels.  The  renal  venous  pressure  was  increased 
by  90  per  cent  at  5  minutes  and  declined  to  an  average  of  20  per  cent 
above  the  pre-oimutuxin  pressures  at  30  minutes.  Systemic  pressure 
dropped  maximally  at  10  minutes  (20  per  cent),  with  an  average  10 
per  cent  below  pre-injection  pressures  at  the  end  of  30  minutes 
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(Fig.  4B).  No  significant  changes  were  observed  in  renal  artery, 
renal  vein,  or  systemic  arterial  pressure  of  the  five  technique  con¬ 
trol  dogs  (Fig.  4). 

Systemic  Administration.  The  local  administration  caused  an 
earlier  and  more  intense  secondary  renal  vasoconstriction  than  did  the 
injection  of  endotoxin  into  the  inferior  vena  cava.  The  comparison  of 
the  average  renal  and  systemic  arterial  responses  to  endotoxin  given 
by  two  different  routes  is  shown  in  Figure  4.  Local  injection  produced 
a  IOC  per  cent  increase  in  renal  artery  pressure  at  5  minutes  as  com> 
pared  to  a  78  per  cent  increase  if  endotoxin  was  given  systemically. 

The  difference  in  renal  arterial  pressure  at  5  minutes  after  local  and 
systemic  administration  was  statistically  significant  (p  <  0.01).  At 
30  minutes  there  was  a  40  per  cent  average  increase  in  renal  artery 
pressure  after  arterial  injection,  while  intravenous  endotoxin  caused 
a  35  per  cent  increase.  Systemic  pressure  declined  in  both  experi> 
ments,  but  there  was  a  greater  decline  in  the  systemic  pressure  after 
the  local  injection  at  the  5  and  10  minute  Interval  which  was  barely 
statistically  significant  (p  s  0.  05). 

Contribution  of  Catecholamines.  In  the  five  animals  in  which 
phentolamine  was  administered  locally  there  was  no  secondary  in¬ 
crease  in  the  renal  artery  perfusion  pressure  after  the  local  injection 
of  endotoxin  (Figs.  5  and  6).  At  30  minutes  there  was  a  30  per  cent 
decrease  in  pressure.  Systemic  arterial  pressure  remained  unchanged 
during  the  first  10  minutes  and  then  gradually  fell  to  20  per  cent  of  pre¬ 
injection  levels  at  30  minutes.  In  the  five  dogs  pretreated  with  reser- 
pine  there  was  also  an  intense  secondary  renal  vasoconstriction  as¬ 
sociated  with  the  systemic  arterial  hypotension  (Fig,  5). 

Differential  Renal  Functions.  Table  II  and  Figure  7  show  the 
results  of  the  renal  functions  measured  in  the  perfused  phentolaminised 
left  kidney  as  compared  with  the  undisturbed  right  kidney  for  each  of 
the  eight  animals.  Following  systemic  administration  of  endotoxin 
there  was  a  progressive  decrease  in  function  of  the  right  kidney  in  all 
eight  animals.  The  average  urinary  output  decreased  from  4.  4  ml/min 
to  1.2  ml/min  and  glomerular  filtration  rate  decreased  from  20  ml/min 
to  7.  6  ml/min.  The  TmPAH  decreased  from  7.  3  mg/min  to  1.  3  mg/mln; 
Ujqa^  decreased  from  156  pEq/min  to  22  ^£q/min,  the  U|(V  declined 
from  39  ^Eq/min  to  6  pEq/min;  CQg|^  decreased  from  5.  3  ml/min  to 
i.  9  mg/min;  and  Ihe  T'^^^O  decreased  from  0.  9  ml/min  to  0.  2  ml/min. 

The  phentolaminized  left  kidney,  perfused  at  a  constant  rata»  did 
not  demonstrate  the  decreased  renal  functions  measured  in  the  naturally 
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perfused  right  kidney.  The  average  urine  volume  increased  from  2.4 
ml/min  to  3.  9  ml/min,  GFR  11.  6  ml/min  to  12.4  ml/min, 
pEq/min  to  126  pEq/min,  and  2.  7  ml/min  to  4. 1  ml/min. 

There  was  a  slight  decline  in  TmPAH  from  4.  8  ml/min  to  4. 1  ml/min, 
Uj^V  30  pEq/min  to  28  ^Eq/min,  and  T‘^]^2i0  ^  ml/min  to  0.  3 

ml/min.  The  serum  potassium  levels  decreased  in  all  animals  during 
the  hour  in  which  they  were  observed,  while  the  plasma  sodium  re¬ 
mained  unchanged. 

IV.  DISCUSSION 


These  data  demonstrate  that  administration  of  lethal  doses  of 
Salmonella  typhosa  endotoxin  directly  into  the  renal  artery  produced 
intense  renal  vasoconstriction  with  consequent  impairment  of  renal 
function. 

Hinshaw  and  Bradley  suggested  that  endotoxin  had  an  initial 
direct  effect  on  the  renal  vasculature  followed  by  a  secondary  vaso¬ 
constriction  at  10  minutes  (3,4),  on  the  basis  of  a  sudden  fall  in  kidney 
weight,  15  to  35  seconds  after  endotoxin  administration,  followed  by 
a  minimum  weight  within  10  to  20  minutes.  The  pressure  findings  re¬ 
ported  herein  confirm  and  extend  this  impression  of  Hinshaw  et  al  of 
the  Initial  vasoconstriction  followed  by  the  secondary  Intense  pressor 
phase  at  10  minutes.  The  prompt  vasoconstriction  observed  at  18 
seconds  during  these  experiments  and  in  Hinshaw's  experiments  sug¬ 
gests  that  either  the  endotoxin  molecule  itself  is  a  renal  vasoconstrictor, 
or  that  it  causes  an  immediate,  transient  release  of  pressor  substances 
from  the  blood  elements  or  renal  tissue.  Although  there  is  a  significant 
release  of  serotonin  into  the  platelet-free  plasma  in  the  rabbit  15  sec¬ 
onds  after  endotoxin  injection  (12)  this  finding  was  not  confirmed  by 
the  same  workers  in  the  dog  (13).  The  initial  pressor  response  could 
not  be  duplicated  by  large  doses  of  serotonin  injected  locally  into  the 
renal  artery.  Pretreatment  with  reserpine  and  local  infusion  of 
phentolamine  did  not  abolish  this  initial  transitory  pressor  phase  ob¬ 
served  during  the  first  minute  (Fig.  2).  It,  therefore,  seems  that  this 
initial,  transient  pressor  phenomenon  may  be  produced  by  the  endo¬ 
toxin  molecule  itself;  however,  the  rapid  local  release  of  a  pressor 
agent  cannot  be  ruled  out.  It  is  interesting  to  note  that  this  finding  was 
not  observed  in  other  vascular  beds  studied  in  this  laboratory  (6,  14). 

The  injection  of  endotnvin  directly  into  the  renal  artoiy  caused  a 
significantly  more  intense  secondary  renal  vasoconstriction  at  the  5 
minute  interval  than  was  observed  when  the  endotoxin  was  administer¬ 
ed  systemically  (Fig.  3A).  This  difference  could  be  attributed  to  a 
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direct  effect  of  endotoxin  altering  the  reactivity  of  blood  vessels  to 
epinephrine  (15-19).  In  addition,  the  concentration  of  endotoxin 
reaching  the  renal  vascular  bed  could  have  been  decreased  by  sever¬ 
al  factors,  including  systemic  hemodilution  as  well  as  detoxification 
in  the  liver,  lungs,  and  spleen  after  the  systemic  injection. 

A  detailed  review  of  the  hemodynamics  of  endotoxin  shock  found 
clinically  and  experimentally  has  been  reported  by  Gilbert  (20).  Vari¬ 
ous  studies  have  been  reported  on  the  effects  of  endotoxin  on  isolated, 
perfused  vascular  beds  (6,  14,21-23).  Studies  on  the  forelimb  (24), 
lung  (23),  and  gastric  (6)  circulations  demonstrated  vasoconstriction 
while  the  coronary  vascular  bed  (14)  responded  by  vasodilation.  These 
responses  have  been  and  can  be  explained  by  a  systemic  release  of 
pressor  amines,  since  the  effect  of  endotoxin  on  these  vascular  beds 
mimics  the  responses  of  epinephrine  and  norepinephrine  (25-29). 
Evidence  to  support  this  concept  is  offered  by  the  experiments  with 
the  phentolamine-treated  kidneys.  In  these  animals  small  doses  of  a 
phentolamine,  administered  locally  into  the  perfused  renal  artery, 
prevented  the  renal  vasoconstriction  usually  observed  after  endotoxin 
injection. 

Further  confirmation  of  this  hypothesis  may  be  offered  by  the 
data  of  the  reserpine-treated  dogs.  Reserpine  has  been  shown  to 
diminish  body  stores  of  catecholamines  (8).  It  has  been  demonstrated 
that  blood  vessels  of  reserpine-treated  animals  are  hyper-responsive 
to  these  same  catecholamines  (30),  These  findings  suggest  that  after 
the  injection  of  the  endotoxin,  the  remaining  body  catecholamines  were 
liberated  into  the  systemic  circulation.  The  greater  vasoconstriction 
observed  during  the  first  5  minutes  in  reserpine-treated  dogs  could 
have  been  produced  by  an  exaggerated  vascular  response  of  catecho¬ 
lamine-depleted  renal  vasculature.  Then,  as  suggested  by  Burn  and 
Rand  (30)  when  norepinephrine  was  repleted  in  the  renal  vasculature, 
the  constrict  :ir  response  was  similar  to  those  animals  not  treated  by 
reserpine. 

There  was  no  significant  change  in  plasma  sodium  during  the  ex¬ 
periment.  In  contrast,  serum  potassium  levels  decreased  markedly 
(Table  II)  after  endotoxin  administration.  Since  there  was  no  increase 
in  urinary  excretion  of  potassium,  it  must  have  moved  intracellularly. 
We  have  no  explanation  for  this  apparent  shift  of  potassium  intra- 
bcllularly. 


Hinshaw  et  al  (4)  showed  that  lethal  doses  of  £.  coli  endotoxin 
produced  a  decreased  RBF,  GFR,  PAH  extraction,  and  urinary  output. 
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These  effects  were  attributed  to  the  effects  of  systemic  hypotension, 
renal  vasoconstriction,  and  a  possible  nephrotoxic  action.  As  they 
suggested,  it  was  impossible  from  their  study  to  measure  changes  in 
renal  vascular  pressures,  and  there  was  the  further  disadvantages  of 
evaluating  renal  function  in  the  presence  of  low  urine  flow  rates.  The 
present  investigation  was  designed  to  measure  changes  in  renal  vascu¬ 
lar  pressures  at  a  controlled,  constant  renal  blood  flow.  Furthermore, 
in  the  renal  function  studies,  adequate  initial  urine  volumes  were 
insured  by  osmotic  diuresis,  and  the  vascular  effects  were  eliminated 
by  local  vascular  blockage  of  catecholamine  effects.  In  addition,  this 
enabled  comparison  of  the  renal  functions  of  one  kidney  not  vasocon- 
stricted  with  the  other  kidney  es^osed  to  all  the  local  and  systemic 
variables. 

The  undisturbed  right  kidney  demonstrated  similar  decreases  in 
kidney  functions  as  were  described  by  Hinshaw  (4).  There  was  a 
marked  decrease  in  all  of  the  measured  functions.  The  average  urine 
volume  of  all  eight  animals  decreased  by  75  per  cent,  TmPAH  decreased 
80  per  cent,  and  GFR  decreased  by  60  per  cent.  The  left  kidney,  which 
was  maintained  at  a  constant  blood  flow,  and  relatively  unchanged  pres¬ 
sure,  demonstrated  no  significant  decrease  in  any  of  the  measured 
renal  functions  after  the  endotoxin  injection.  The  observed  increase  in 
urine  flow  of  the  left  kidney  may  be  explained  either  by  a  possible 
diuretic  action  of  phentolamlne  or  by  its  action  of  vasodilation.  This 
explanation  is  supported  by  the  slight  increase  in  GFR  and  the  doubled 
sodium  output  of  the  left  kidney  during  the  phentolamlne  infusion. 

In  the  renal  function  experiments,  the  only  difference  was  that 
the  vascular  effect  of  catecholamines  was  eliminated  in  the  left  kidney; 
since  endotoxin  was  administered  systemically  both  kidneys  should  have 
received  equal  doses  of  endotoxin.  In  one  animal  (Dog  No.  6),  endotoxin 
was  inadvertently  given  directly  into  the  left  renal  artery.  In  this  ani¬ 
mal  there  was  still  no  nephrotoxic  effect  demonstrated.  The  data, 
therefore,  show  that  the  primary  effect  of  endotoxin  on  the  kidney  is 
hemodynamic  and  not  nephrotoxic. 

V.  SUMMARY  AND  CONCLUSIONS 


The  injection  of  lethal  doses  of  Salmonella  typhosa  endotoxin  in 
the  dog  produced  an  initial  (18  sec)  transient  vasoconstriction  followed 
by  a  secondary  intense  vasnrnrjatriction  within  S  lu  10  minutes  after 
the  injection.  Renal  arterial  pressure  remained  elevated  for  30  min¬ 
utes.  Since  the  local  infusion  of  phentolamlne  blocked  the  secondary 
renal  vasoconstriction  it  Is  suggested  that  the  persistent  vasoconstriction 
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Is  due  to  catecholamine  release  during  the  systemic  hypotension. 

After  endotoxin  Injection  there  is  a  marked  decrease  in  all  renal 
functions.  In  a  group  of  animals  the  hemodynamic  effect  was  elimi¬ 
nated  in  one  kidney  by  infusing  phentolamine  locally  and  holding  renal 
blood  flow  constantt  enabling  comparison  of  this  kidney  with  the  contra¬ 
lateral  and  undisturbed  kidney.  In  the  kidney  in  which  vascular  effects 
were  eliminated  there  was  no  alteration  in  renal  functions  after  sys¬ 
temic  or  local  endotoxin  injection.  These  data,  therefore,  show  that 
the  primary  effect  of  endotoxin  on  the  kidney  is  hemodynamic  and  not 
nephrotoxic. 
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TABLE  I 


Experimental  design 

A.  Renal  artery  administration: 

1. 

Effect  of  local  injection. 

1 5  dogs 

2. 

Local  injection  with  phentolamine 
infusion. 

5  dogs 

3. 

Local  injection  in  reserpinlzed 
animals. 

5  dogs 

B.  Inferior  vena  cava  administration: 


1. 

Effect  of  systemic  Injection. 

8  dogs 

2. 

Renal  function  studies. 

8  dogs 

(a)  Pentobarbital  anesthesia 

4  dogs 

(b)  Morphine  and  chloralose 
anesthesia 

4  dogs 

Technique  controls. 

5  dogs 
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••0  IS  30  45  5< 

SECONDS  AFTER  ENDOTOXIN 

Fig,  2,  Average  increase  in  renal  vascular  resistance  during  the 
immediate  transient  vasoconstriction  observed  in  the  animals  given 
endotoxin  locally  (15  dogs),  systemically  (8  dogs),  pretreated  with 
reserpine  (5  dogs),  and  during  the  local  infusion  of  phentolamine 
(5  dogs).  ±  1  S.  E.  M.  is  indicated. 

15 


PRESSURE 


MINUTES  AFTER  ENDOTOXIN 


Fig.  3.  The  irrrease  renal  alter lal  perfusion  pressure  of  the  15 
dogs  given  endotoxin  locally  into  the  renal  artery. 
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■i  LEFT  KIDNEY 


Q  LEFT  R.A.  PRESS. 
D  SYSTEMIC  PRESS. 


TIME  AFTER  ENDOTOXIN  INJECTION  (min.) 


Fig.  7.  Renal  functions  of  a  representative  animal  in  which  the 
hemodynamic  effect  was  eliminated  in  the  left  kidney  by  infusing 
phentolamine  locally  and  holding  renal  blood  flow  constant,  en¬ 
abling  the  comparison  of  this  kidney  with  the  contralateral  un¬ 
disturbed  right  kidney.  In  the  left  kidney  in  which  vascular  ef¬ 
fects  were  eliminated  there  was  no  alteration  in  renal  function, 
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(Juantico,  Virginia  ■  r-  . 

1  Noval  Air  Crew  Equipment  Laboratory,  Naval  Air  Hbteriai  Center,  niiJeiclphis  12 
B»nti«y  !“!5i2  ' 

1  Naval  Air  Bigineerliig  Facility.  Naval  Air  Material  Center,  Pblladelpbia  12.  PeniMyivania. 
Attn:  Technical  Lihrary 

1  Naval  Medical  Field  Research  laboratory,  Qiep  lajsune.  North  Osreiiaa.  Attn:  Library 
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Naval  Medical  Research  Institute.  Technical  Reference  Library,  National  Naval  Medical 
Center,  Bethesda  14,  Marylond 

Naval  Research  (Code  408)  Special  Assistant  for  Medical  and  Allied  Sciences,  Department 
of  the  Navy,  Washington  25,  D.  C. 

Naval  Research  Branch  Office,  Navy  100,  Box  39,  Fleet  Poet  Office,  New  York,  New  York 

US  Naval  Air  Development  Center,  Aviation  Medical  Acceleration  Loboratory,  Johnsville, 
Pennsylvania,  Attn:  Library 

US  Naval  Air  Station,  Chief  of  Naval  Air  Technical  Training,  Memphis  75,  Tennessee, 

Attn:  Staff  Medical  Officer 

US  Naval  Civil  Engineering  Laboratory,  Commanding  Officer  and  Director  (Ode  131)  Port 
Husneme,  Californio 

US  Navol  Medical  Reseorch  laboratory,  Bex  100,  US  Navy. Submarine  Base,  New  London, 
Connecticut,  Attn:  Technical  Information  Section  Library 

US  Naval  Medical  School,  National  Navy  Medical  Center,  Bethesdo  I4,  Maryland 

US  Naval  Missile  Center,  Point  Mugu,  California,  Attn:  Librarian  Code  21211 

US  Naval  Radiological  Defense  laboratory,  San  Francisco  24,  California,  Attn:  Director 
(222) 

(fi  Naval  Ordixince  Test  Station,  Medical  Officer,  Station  Hospital,  Code  89,  China  Lake, 
(^lifornla 

US  Naval  School  of  Aviation  Medicine,  US  Naval  Aviation  Medieol  Center,  Director  of 
Research, Pensacola,  Florida 

US  Noval  School  of  Aviation  Medicine,  US  Naval  Aviation  Medical  Center* 54,  Pensacola, 
Florida,  Attn:  Commanding  Officer 

US  Naval  School  of  Aviation  Medicine,  US  Naval  Aviation  Medical  Center,  Pensacola, 
Florida,  Attn:  Asst  Director  of  Research 

US  Naval  Supply  Research  and  Development,  Facility  Technical  Library,  29th  Street  and 
lUrd  Avenue,  Brooklyn  32,  New  York 

iS  Naval  Weapone  Plant,  Eheperimental  Diving  Unit,  Washington  25>  U.  C. 

AGENCY  •  AIR  FORCE 

Air  Force  Flight  Test  Center,  (FlUH)  Edwards  Air  Force  Base,  California,  Attn:  Lt 
Colonel  Burt  Rowen,  USAF  (MC) 

AIR  RESEARCH  AND  CEVELOPMENT  OCWMAN3 

Air  Research  and  Development  Command,  US  Air  Force  (RDSPC-LS)  Andrews  Air  Force  Base, 
Washington  25<  D.  C. 

Wright  Air  Development  Center,  Wrlght*Patterson  Air  Force  Base,  Chio,  Attn:  (WCLDOR) 
Wright  Air  Development  Center,  (WCIDAT* Library) ,  Wright* Patterson  Air  Force  Base,  Chio 

Air  Proving  Ground  Center,  Air  Research  and  Ilevelopnent  Ccnmand,  (PGTRI)  US  Air  Force, 
Eglin  Air  Force  Base,  Florida 

Air  Training  Command,  (ATCSG)  Randolph  Air  Force  Boee,  Texas 

Arctic  Aeromedlcal  laboratory,  APO  731,  Seattle,  Washington,  Attn:  Ubrarion 

Assistant  for  Grotuid  Safety,  DIGS,  US  Air  Force.  Washington  25.  D.  C. 

Human  Factors  Division.  US  Air  Force,  Director  of  ResearcR  and  Development,  Washington 
25,  D.  C.  Attn:  Colonel  Charles  H,  Roadmon,  USAF  (MC) 

Langley  Research  Center,  Notionol  Aeronautics  and  Space  Administration,  Langley  Field, 
Virginia,  Attn:  )4rs  Elisabeth  R.  Gilman,  Librarian 

US  Air  Force  Aerospace  Medical  Center  (ATC)  School  of  Aviation  Medicine  (SAM.41.2) 

Brooks  Air  Force  Base.  Texas 

UB  Air  Force  (Aerospace  Medical  Center  (.ATC)  US  .Mr  roic.®  !!uepltal,  Lackland  Air  Force 
Base,  lexas,  Attn:  Medical  Library 

US  Air  Force,  Strategic  Air  Cemmond,  Office  of  the  Surgeon,  Offutt  Air  Force  Base, 
Nebraslca 

GOVERNMENTAL  AGENCIES 

Argonne  National  Laboratory,  P.  0.  Box  299,  Lemont,  Illinois,  Attn;  Hoylande  D.  Young 
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1  Civil  Aeromedioai  Research  Center,  Aeromutiool  Center,  P,  0.  Box  1082,  Oklahoma  City, 
Oklahoma 

1  Civil  and  Defense  Mobilization,  Technical  Library,  Room  G-2-B,  Battle  Creek,  Michigan 
1  Chief  Defense  Atcisic  Support  Agency,  Washington  25,  0.  C.,  Attn:  Document  Library  Branch 

1  Library  of  Congress,  Science  and  Technology  Division,  Washington  25,  D.  C.,  Attn:  Dr.  A. 

J.  Jacoblus 

1  National  Institutes  of  Health,  Library,  Bethesda  14.  Maryland 

1  National  Institutes  ofHealth,  National  Cancer  Institute,  Radiation  Branch,  Bethesda  I4, 
Maryland 

1  National  Institutes  ofHealth,  Division  of  Research  Grants,  Bethesda  I4,  Maryland 

1  National  Library  of  Msdicino,  7th  and  Independence  Avenue,  S.  ff.,  Washington  25,  D.  C. 

2  National  Research  Council,  Division  of  Medical  Sciences,  Medical  Records,  2101  Constitution 

Avenue,  Washington  25,  B*  C, 

2  Research  Library,  Broolchaven  National  loborotory,  Upton,  Leng  Island,  New  York 

1  US  Atonic  Energy  Coonission,  Division  of  Biology  ond  Medicine,  Washington  25,  D.  C., 

Attn:  Mr  Robert  L.  Crosble,  Director,  CETO 

OTHER  AGENCIES 

1  Arctic  Health  Research  Center,  Librory,  P,  0.  Box  980,  Anchorage,  Alaska 

1  Boeing  Airplane  Compony,  Central  Medical  Library,  11-40,  P,  0.  Box  37  07,  Seattle  24, 
Washington 

1  Boeing  Airplane  Company,  Wichita  Division,  Library,  Wichita  1,  Kansas 

2  Boeing  Airplone  Company,  Aero-Space  Division,  Bioscisnces  Section,  Seattle  24,  Washington, 

Attn:  Dr.  Ronney  H.  Lowry 

2  Departnent  of  Health,  Education  and  Welfare,  Division  of  Radiologioai  Health  •  BSS, 
noon  5930/  South  HEl  Building,  Woshington  25,  D.  C.,  Attn:  InformatiDn  Officer 

2  Dspartswnt  of  Hsolth,  Education  and  Welfare,  Division  of  Radiological  Health  *  BSS, 
fVnthouse,  South  Building,  Woshington  25,  D.  C.  Attn;  Cf)H  Reference  Room 

1  Electric  Boot,  Division  of  General  Dynamics  Corporation,  Special  IVojeets  Division, 

Groton,  Conneotleut,  Attns  Mr  William  J.  King,  Hunan  Factors  Section 

1  Gonerol  Electric  Company,  Technical  Military  Planning  Operation,  735  State  Street,  Santa 
Barbara,  Coiifornla 

1  Ihe  John  Crerar  Library,  86  East  Rondolph  Street,  Chicago  1,  Ililneis 
1  Kings  County  Hospital,  Deportment  of  Aaestbesiology,  Brooklyn,  New  York  Attn:  Dr, 

Stanley  W.  Wsltsner 

1  Lonkenou  Hospital,  lanoaster  and  City  Line  Avenues,  Philadelphia  31,  Pennsylvania, 

Attn:  Dr,  Steven  M.  Horvath,  Division  of  Research 

1  Unfleld  Research  Institute,  MsMlnnvllle,  O-egon 

1  Miyo  Clinic,  Section  of  Biophysics.  Rochester,  Minnesota,  Attn:  Dr,  Kenneth  N.  Ogle 

1  Meod  Johnson  and  Company,  Medical  Deportment,  2404  V.  Pennsylvanio  Street,  Evansville 
21,  Indiana 

7  Natiowi  Aeronautics  and  Spaos  Administration,  1520  H.  Street,  N.  W.,  Washington  25,  D.  C., 
Attn:  Mr.  Bertram  A.  Miioahy,  Director  of  Teefanical  Infematlen 

1  Sensory  Biophysios  Group.  Bittern  Recognition  Department,  IBM  Research  Center,  Box  218, 
Yorktown  nts,  New  York 

1  Space  Technology  Laboratories,  Inc,  Information  Services,  P.  0.  Bcr  59001,  Docunsnt 
Acquisition  Group,  los  Angsies  45,  California 

1  Hw  Rand  Corporation,  1700  Main  Street.  Santa  Monica,  California,  Attn:  Library 
1  Yerkes  Laboratories  of  Primate  Biology,  Orange  Rirk,  Florida 

MEDICAL  COLLEGE /SCHOOL  I.lBRARIES  AND  DEP.'.RTMENTG 
1  Albany  Nsdlcai  College  Librory.  New  Scotland  Avenue,  Albany  8,  New  York 
i  Bowman  Gray  School  of  Medicine,  Winsten-Soiem,  North  Carolina,  Attn:  library 

1  College  ef  Medical  Evangelists,  White  Mvmeriai  Medical  Library,  1720  Brooklyn  Avenue, 

Los  Angeles  33,  OiiifornJa 

1  College  of  Medical  Evangelists,  Vernier  Rodcliffe  Ifasorial  Library,  Lama  Linda, 

California 
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1  College  of  Phyaiciane  of  Philadelphia.  19  South  22iid  Street,  tliiladelpbia  3.  Fbnnfrleoala, 
Attn:  Lihrary,  College  of  Phyaiclana  of  Philadelphia 

1  Columbia  Univeraity,  Medical  Library. 630  Weat  168th  Street,  Nee  York  32,  Nee  York 
1  Cornell  Univernity,  Medical  College  Librory.  1300  York  Aeeime.  Nee  York  21,  Nee  York 
1  Creighton  ffedioal  Library,  302  North  14th  Street,  Ctaafaa  2,  Nebraeko 
1  Dartmouth  College  Medical  Librory,  Baker.  Hanover.  Nee  Hampeblre 

1  Florida  State  Univeraity,  Department  of  Piychblogy,  Tallafaoaaee,  Florida,  Attn:  W.  V. 

Dawabn 

2  George  Waahington  Univeraity,  Human  Reaourcea  Reaearcb  Office,  P.  0.  Boot  3596,  ianhlngtoo 

7.  D.  C.,  Attn:  Library 

1  Harvard  Medical  Library,  25  Shottuck  Street,  Boatou  I5,  Maaaachuaetta 
1  Indiana  Univeraity  Medical  Center,  School  of  Medicine  Library,  1100  Veat  Michigan  Street 
Indianapolia  7,  Indiana 

1  Jefferaon  Msdical  College  Library,  1Q2S  Nolnut  Street,  Philadelphia  7,  Pannaylvania 
1  Johna  Hopkina  Univeraity,  Cteratlone  Reaaarch  Office,  6935  Arlington  Rood,  Betheada, 
Maryland,  Waahington  14,  D.  C.,  Attn:  Library 
1  Johna  Hopkina  Univeraity,  Welch  Medical  Library,  1900  Eoat  Monument  Street,  Baltimore  5, 
Maryland 

1  Marquette  Univeraity,  Mediool ‘Dental  Library,  560  North  16th  Street,  MilratJcee  3,  Wiaconain 
1  Medical  College  of  Virginia,  Taaipklaa^MoCae  Library,  Richmond  19,  Virginia 
1  New  York  Academy  of  Medicine,  2  Eoat  lQ3rd  Street,  No*  York  29,  Ne*  York,  Attn:  Library 

1  New  York  Univeraity,  Bellevue  Msdical  Center  Library,  550  Firat  Avenue,  New  York  16,  New 
York 

1  Northwestern  Univeraity  Medical  School,  Archibald  Church  Library,  303  Eaat  Chicago  Avenue, 
Chicago  H,  Illinois 

1  Ohio  State  Univeraity,  Chemical  Ahatracta,  Columbus  10,  Chlo,  Attn:  Library 

1  Olio  State  Univeraity,  Operationa  Research  Group,  Qsglneerlng  Experiment  Station,  156 

West  Tenth  Avenue,  Columbue  10.  Ohio 

1  Ohio  State  University,  School  of  Optometry,  Topos  Library  of  Visual  Science,  338  feet 
Tenth  Avenue,  Columhus  10.  Chie 

1  Ohio  Stote  University,  Topaa  Library,  School  vf  Cptomstry,  338  Wsst  Tenth  Avsnus, 

Columbus  10,  CAiio 

1  Rush  Medical  College  Lihrary.  1758  West  Horrlaon  Street,  Chloogo  12,  Illinois,  Attn: 

*  Frido  Pllsfks,  librarian 

1  St,  Louis  University,  School  of  Medicine,  1402  South  (brand  Avenue,  St.  Louis  4,  Missouri 
Attn:  Library 

1  Stanford  University,  Department  of  Physioloi;/.  Stanford,  Cbllfornla,  Attn:  Dr,  J,  M. 
Crianon 

1  Stanford  Univeraity  Medical  Center,  300  ftiet,  Drive,  Stanford,  California,  Attn: 
lane  Medlcnl  Library 

1  State  University  of  lovo.  College  of  Medicine  Library,  Medical  loboratoriea  Building, 
leva  City,  Iowa 

1  State  University  of  New  York,  Downetate  Medical  Center,  Deportment  of  Ansetheeiology, 

450  Clarkson  Avenue,  Brooklyn,  New  York,  Attn:  Dr>  Stanley  W.  Weltsner 

1  State  University  of  New  York,  Downetate  Medical  Center,  Medical  Librory,  450  Clarkson 
Avenue,  Brooklyn  3,  New  York 

1  Texas  Medical  Center  Library,  Jesse  H.  Jones  Lihrary  Building,  Texas  Medical  Center, 

Houston  25,  Tsxos 

2  TUfta  University,  Institute  for  Applied  Qcperimental  Psychology,  Madford  55>  McMsachusetta, 

Attn:  Paul  G  Ronco 

1  Vanderbilt  Univeraity  Srhnni  nf  »*sdicisc,  wf  "wuiclne,  naahviiie  5,  Tennessee. 

Attn:  emerge  R.  Meneely,  M.D,  Asso.  Prof.  Medicine,  Director  Radioisotope  Center 

1  Univeraity  of  Alabama,  Medical  Center  Lihrary,  1919  Seventh  Avenue  South,  Birmingham  3, 
Aidhama 

1  University  of  Arkansas,  Medical  Center  Library,  43OI  West  Markham,  Little  Rock,  Arkanaos 
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1  University  of  Buffalo,  Medioai-Dentai  Library,  Buffalo  14,  New  York 
1  University  of  Buffalo,  Departnent  of  Psychology,  Buffalo  14,  New  York 
1  University  of  California,  U.  S.  Naval  Msdiool  Research  Unit  No.  1,  Berkeley  4,  California 
1  University  of  California  Msdinl  Center,  Bicnedioal  Library,  Loe  Angeles  24,  California 
1  University  of  California,  Civil  Defense  Research  Project,  1301  South  46th  Street, 

Richnond  4,  California 

1  University  of  Chicago,  US  Air  Force  Radiation  laboratory,  930  E.  58th  Street,  Chicago  37, 
Illinois,  Attn:  Dr.  Kenneth  P.  DuBois 

1  University  of  Chicago.  Faculty  Exchange  Box  184,  Chicago  37.  Illinois,  Attn:  W.  D.  Neff, 
laboratory  of  Physialoglcal  niychology 

1  University  of  Cincinnati,  Kettering  Laboratory,  Eden  and  Bethesda  Avenue,  Cincinnati  19, 
Ohio 

1  University  of  Illinois,  Departnent  of  Psychology,  Urbana,  Illinois,  Attn:  Dr.  Wn  E. 
Kappauf 

1  University  of  Illinois,  Aeronedical  laboratory,  840  South  Wood  Street,  Chicago  12. 
Illinois,  Attn:  Dr.  John  P,  Mrrbarger 

1  University  of  Kansas  Msdical  Center,  Clendening  Medical  Library,  Kansas  City  12,  Kansas 

1  University  of  Louisville,  School  of  Medicine,  Louisville  Medical  Library,  101  West 
Chestnut  Street,  Louisville  2.  Kentucky 

1  University  of  Maryland,  Health  Sciences  Library,  HI  South  Greene  Street,  Biltlaore  1, 
Miryland 

1  University  of  Hlani,  School  of  Medicine,  Jackson  Menorlal  Library,  1000  N.  W.  17th  Street, 
Miomi  38,  Florida 

1  University  of  Michigan,  Serials  and  Docunents  Section,  General  Library,  Ann  Arbor, Michigan 
1  University  of  Minnesota  Librory,  Gift  and  Exchange  Departnent,  Minneapolis  14,  Minnesota 
1  University  of  Mississippi,  Medical  School,  Rowland  Medical  Library,  Jackson,  Mississippi 
1  University  of  Missouri,  Medical  Library,  Colusibia,  Missouri 

1  University  of  Nebraska,  College  of  Medicine  Library,  42Pd  and  Dewey  Avenue,  Qseha  5, 
Nebraska 

1  University  of  North  Carolina,  Division  of  Health  Affairs  Library,  North  Cbrellna  Msnorial 
Hospital,  Chapel  Hill,  North  Carolina 

1  University  of  Oklahoma  Medical  Center,  801  N.  E.  13th  Street,  Oklahcoa  City,  Cklaheno, 
Attn!  Library 

1  University  of  Ckegon  Medical  School  library,  3181  S.  W.  Sam  Jackson  Pirk  Rood,  Portland 
1 ,  Oregon 

1  University  of  Pittsburgh.  Falk  Library  of  the  Health  Professions,  Pittsburgh  13, 
Pennsylvania 

1  University  of  Rochester,  Atonic  Energy  Project,  Technical  Report  Control  Unit,  P.  0. 

Box  287,  Stotlon  3,  Rochester  20.  New  York 

1  University  of  Southern  California,  School  of  Medicine  Library,  University  Park,  Loe 
Angeles  7,  Colifornia 

1  University  of  South  Dokoto,  Medical  Library,  Verailllon,  South  Dokota,  Attn:  Medical 
Library 

1  University  of  Tennessee.  Department  of  Bacteriology,  Knoxville,  Tennessee.  Attn:  Dr.  D. 
Frank  Holtnan 

1  University  of  Tennessee,  Institute  of  Clinical  Investigation,  Clinical  Physiological 
Laboratories,  Memphis  3,  Tennessee,  Attn;  Dr>  Gerald  B.  Spurr 

1  University  of  Tennessee,  Mooney  Memorial  Library,  82  S.  Dunlay,  Memphis  3,  Tennessee 

1  University  of  Texas,  The  Radiobiological  laboratory,  RFD  4  Box  189,  Austin.  Tsstas 
1  University  of  Texas,  Medical  Branch  Lthrnry,  RnWeston,  Tesss 
1  University  of  Utah,  Medicol  Library,  Salt  Lake  City  12,  Utah 
1  University  of  Vermont,  College  of  Medicine  Library,  Burlington,  Vermont 
1  University  of  Virginia  Hospital,  Medical  Library,  Charlottesville,  Virginia 
1  University  of  Washington,  Health  Sciences  Library,  Seattle  5,  Washington 
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1  University  of  Wisconsin  Medical  Library,  S.  M.  I.  Building,  N.  Charter  Street,  Midison 

Cl  Wisconsin 

1  University  of  West  Virginia,  Medical  Center  Library,  Morgantown,  West  Virginia 

FOREIGN 

C  British  Army  and  Navy  Medical  Liaison  Officer,  B,  J.  S.  M.  (Amy  Staff]  igOO  K,  Street, 

N,  W,,  Washington  25i  D.  C, 

8  Canadian  ^ison  Officer,  Office  of  the  Surgeon  General,  US  Army,  Room  2'/09,  Main  Navy 
Bbilding,  Canadian  Joint  Staff,  (Washington)  Washington  25,  D,  C. 

2  Defence  Research  Member,  Gbnodian  Joint  Staff,  (Washington)  Room  2709,  Main  Navy 

Building,  Washington  25,  D.  C. 

1  Laboratoire  de  Fbthologie  et  Therapeutlque  Generales,  32  Boulevard  de  la  Constitution, 
Liege,  Belgique,  Attn:  Directeur  Professeur  Z.  M.  Bvq 

1  Phralcs  Research  Laboratories,  Upper  Redlands  Road,  Reading,  Berlts,  England,  Attn:  Prof. 
R.  W.  Ditchburn 

1  Royal  Society  of  Medicine  Library.  1  Wimpole  Street,  London  W,  1,  England 
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